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B-Blockers and 1-Year Postdischarge Mortality for Heart Failure and

Reduced Ejection Fraction and Slow Discharge Heart Rate

Jin Joo Park, MD, PhD; Hyun-Ah Park, MD, PhD; Hyun-Jai Cho, MD, PhD; Hae-Young Lee, MD, PhD; Kye Hun Kim, MD, PhD;
Byung-Su Yoo, MD, PhD; Seok-Min Kang, MD, PhD; Sang Hong Baek, MD, PhD; Eun-Seok Jeon, MD, PhD; Jae-Joong Kim, MD, PhD;
Myeong-Chan Cho, MD, PhD; Shung Chull Chae, MD, PhD; Byung-Hee Oh, MD, PhD; Dong-Ju Choi, MD, PhD

Background—Many hospitalized patients with heart failure and reduced ejection fraction (HFrEF) have a slow heart rate at
discharge, and the effect of B-blockers may be reduced in those patients. We sought to examine the variable effect of B-blockers
on clinical outcomes according to the discharge heart rate of hospitalized HFrEF patients.

Methods and Results—The KorAHF (Korean Acute Heart Failure) registry consecutively enrolled 5625 patients hospitalized for
acute heart failure. In this analysis, we included patients with HFrEF (left ventricular ejection fraction <40%). Slow heart rate was
defined as <70 beats per minute regardless of the use of -blockers. The primary outcome was 1-year all-cause postdischarge death
according to heart rate. Among 2932 patients with HFrEF, 840 (29%) had a slow heart rate and 56% received B-blockers at discharge.
Patients with slow heart rates were older and had lower 1-year mortality than those with high heart rates (P<0.001). A significant
interaction between discharge heart rate and B-blocker use was observed (P<0.001 for interaction). When stratified, only patients
without a B-blocker prescription and with a high heart rate showed higher 1-year mortality. In a Cox-proportional hazards regression
analysis, B-blocker prescription at discharge was associated with 24% reduced risk for 1-year mortality in patients with high heart
rates (hazard ratio: 0.76; 95% Cl, 0.61-0.95) but not in those with slow heart rates (hazard ratio: 1.02; 95% ClI, 0.68—1.55).

Conclusions—Many patients with acute heart failure have slow discharge heart rates, and B-blockers may have a limited effect on
HFrEF and slow discharge heart rate.

Clinical Trial Registration—URL: http://www.clinicaltrial.gov. Unique identifier: NCT01389843. (/ Am Heart Assoc. 2019;8:
e011121. DOI: 10.1161/JAHA.118.011121.)
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he prognosis of patients with heart failure with reduced

rejection fraction (HFrEF) has been steadily improving
with the development of disease-modifying drugs that target
neurohumoral activation." Sympathetic tone blockage with
B-blockers has been one of the cornerstones of HFrEF
treatment and has significantly improved outcomes.? The
favorable effect of B-blockers has been attributed to its
capacity to reduce heart rate, among others.®

Early initiation of B-blockers, especially at discharge after
acute heart failure, is beneficial®; however, a considerable
number of patients with HFrEF have slow heart rate at
discharge. Because the magnitude of heart rate reduction
by the B-blocker depends on the baseline heart rate
and patients with low heart rate experience smaller
reduction in heart rate,” the effect of the P-blocker may
be reduced. In addition, slow heart rate may present a
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What Is New?

The favorable effects of B-blockers have been attributed to
their capacity to reduce heart rate, among others.
Because the magnitude of heart rate reduction by -
blockers depends on the baseline heart rate, its effect may
depend on the patient’s heart rate.

In this study, B-blocker use was associated with a reduced
risk of 1-year mortality in patients with high heart rate but
not in those with slow heart rate, suggesting a differential
effect of B-blockers by heart rate.

What Are the Clinical Implications?

Not all patients benefit equally from B-blocker therapy.

psychological barrier for the physicians in terms of
prescribing B-blockers.

In this study, we sought to examine, for the first time, the
variable effect of B-blockers on clinical outcomes according to
the discharge heart rate in hospitalized patients with HFrEF in
a large nationwide prospective cohort.

Methods

Patients

The KorAHF (Korean Acute Heart Failure) registry was a
prospective multicenter cohort study that consecutively
enrolled 5625 patients who were hospitalized for acute heart
failure syndrome from 10 tertiary university hospitals through-
out the country between March 2011 and December 2014.
Detailed information on the study design and results has been
previously reported elsewhere (ClinicalTrial.gov identifier
NCT01389843).%” Briefly, patients with signs or symptoms of
heart failure and either lung congestion, objective findings of
left ventricular systolic dysfunction, or structural heart disease
were eligible for the study. The mortality data for patients who
were lost to follow-up were collected from the National
Insurance data or National Death Records.

In this study, we included only patients with HFrEF. The
study protocol was approved by the ethics committee or
institutional review board at each hospital. Written informed
consent was waived by the institutional review board. The
study complied with the Declaration of Helsinki.

Study Variables and Definitions

HFrEF was defined as left ventricular ejection fraction of
<40%. Patients who did not receive evidence-based
B-blockers were excluded. Evidence-based [-blockers were

defined as long-acting metoprolol, bisoprolol, carvedilol, and
nebivolol. The doses of prescribed B-blockers were calculated
into a percentage target dose of each B-blocker, which was
200, 10, 50, and 10 mg for long-acting metoprolol, bisoprolol,
carvedilol, and nebivolol, respectively.

The use of a B-blocker was evaluated at hospital discharge,
and heart rate was measured clinically before discharge. In a
restricted cubic-spline model, there appeared to be a J-curve
relationship between the effect of B-blockers on 1-year all-
cause mortality and the heart rate; the effect of B-blockers
seemed to decrease as the heart rate decreased, and the effect
of B-blockers appeared to be neutral below a heart rate of
70 beats per minute (bpm). Using this cutoff, patients were
categorized as having either slow (<70 bpm) or high (>70 bpm)
heart rate.®®

The primary outcome was postdischarge 1-year all-cause
death.

Statistical Analysis

Data are presented as numbers and frequencies for
categorical variables and as mean+SD for continuous
variables. For comparisons among groups, the xz test (or
Fisher exact test when any expected count was <5 for a
2x?2 table) was used for categorical variables, and the
unpaired Student t test or 1-way ANOVA was used for
continuous variables.

One-year outcomes were analyzed in the B-blocker group
in relation to heart rate at discharge. Kaplan—Meier curves
were plotted and compared using the log-rank test. A
multivariable Cox proportional hazards regression model
was used to determine the effect size of B-blocker as an
independent predictor of all-cause death. Variables found to
be statistically significant (P<0.1) in the univariable analysis
were included in the multivariable model, except for variables
with >10% missing values or variables that were closely
related to other clinical variables. A 2-sided probability value
<0.05 was considered indicative of a statistically significant
difference. Statistical tests were performed using SPSS v22
(IBM Corp).

Results

The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Patients

Among the 5625 patients enrolled in the KorAHF registry, left
ventricular ejection fraction was available for 5103 (90.7%)
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Figure 1. The study patients. BB indicates B-blocker; KorAHF,
Korean acute heart failure; LVEF, left ventricular ejection fraction.

patients. Among them, 3088 (60.5%) patients had HFrEF, and
156 patients died during hospital admission and 48 patients
did not receive evidence-based B-blockers such as atenolol,
leaving the data of 2884 patients available for the final
analysis (Figure 1).

The mean heart rate decreased from 95.1+£24.6 bpm at
admission to 77.6+14.1 bpm at discharge (P<0.001). Overall,
840 (29.1%) patients had slow heart rate at discharge, and they
were older and more likely to have ischemic heart disease and
atrial fibrillation but less likely to have diabetes mellitus and
malignancy than those with high heart rate (Table 1). Further-
more, they received more RAS (renin—angiotensin system)
inhibitors, B-blockers, and mineralocorticoid receptor antago-
nists than those with high heart rate.

Changes in Heart Rate and Blocker Prescription
During Follow-up

The PB-blocker prescription rate was 57% at discharge and
66.5% at 12 months, and the corresponding proportions of
patients with slow heart rate were 29.1% and 30.3%,
respectively (Figure 2A). During follow-up, there was no
difference in heart rate between patients with slow heart
rate with or without B-blocker use (Figure 2B).

The most commonly prescribed B-blocker was carvedilol
(62.6%) followed by bisoprolol (33.5%), nebivolol (3.1%), and
metoprolol (0.9%).

Clinical Outcomes

In total, 547 (19%) patients died during 1-year follow-up. As
expected, they had unfavorable clinical characteristics with
lower prescription rates of RAS inhibitors, B-blockers and
mineralocorticoid receptor antagonists.

Overall, patients with slow discharge heart rate (15.1%
versus 20.5%, P=0.001) and those with B-blocker prescrip-
tion (15% versus 24.1%, P<0.001) had lower 1-year all-cause
mortality. Under stratification according to heart rate and B-
blocker prescription at discharge, only patients with high
heart rate and no B-blocker prescription had higher 1-year
all-cause mortality, whereas there was no significant differ-
ence among the other groups (Figure 3A). Regarding hospi-
talization for heart failure, patients with [-blocker
prescription and slow heart rate had the lowest hospitaliza-
tion rate (Figure 3B).

In the Cox model, B-blocker prescription at discharge was
associated with a 24% reduced risk of 1-year mortality in
patients with high heart rate (hazard ratio [HR]: 0.76; 95% ClI,
0.61-0.95, P=0.014) but not in those with slow heart rate
(HR: 1.02; 95% Cl, 0.68—-1.55; P=0.909; Table 2).

Sinus Rhythm Versus Atrial Fibrillation

Overall, 2058 (60.3%) and 826 (28.6%) patients had sinus
rhythm and atrial fibrillation, respectively.

Regarding the patients with sinus rhythm, those with B-
blockers had lower heart rates. Under stratification by heart
rate, among patients with slow heart rate, the heart rate did not
differ between those with or without B-blockers after 3 months
of follow-up (at discharge: 62.8+5.0 versus 62.04+5.2 bpm,
P=0.087; at 1 month: 70.84-12.3 versus 74.7+£16.1 bpm,
P=0.026; at 3 months: 72.6+£13.5 versus 72.1+£18.1
bpm, P=0.815; at 6 months: 71.6+£14.3 versus 72.0+14.1
bpm, P=0.818; at 12 months: 73.6+13.2 versus 74.54+13.8
bpm, P=0.630). However, among patients with high heart rate,
those with B-blockers had lower heart rate throughout the
follow-up. Regarding the outcomes, only patients with high
heart rate and no B-blocker prescription had higher 1-year all-
cause mortality, whereas there was no significant difference
among the other groups (Figure 4A).

Among patients with atrial fibrillation, there was no
difference in heart rate between patients with and without
B-blocker use (at discharge: 76+14 versus 76+15 bpm,
P=0.652; at 12 months: 79418 versus 28+17 bpm,
P=0.891). Patients with a B-blocker at discharge had better
baseline characteristics (Table 3). In Kaplan—Meier survival
analysis, patients with a B-blocker at discharge had better
outcomes regardless of heart rate. Patients with slow heart
rate and without P-blocker prescription had numerically
higher 1-year mortality than those with B-blocker prescription

DOI: 10.1161/JAHA.118.011121

Journal of the American Heart Association 3

HDOYVIASHY TVYNIDIYO



Park et al

p-Blockers With HFrEF and Slow Heart Rate

ORIGINAL RESEARCH

panuiuo)
6900 er0'0 LO0FrY L0FrY LO0FrY 2010 LO0FYY 90FEY 90FYY J/oww ‘wnissejod winiag
G000 100°0> 6'7F+69€1 Ly F8LEL SyFvLEL SLO 0'GF+9°LEL SYF+18EL L'vF6'LEL 7J/loww ‘wnipos Wnias
19¢'0 100°0> €¢Fael €¢Fe6cl €¢FLel 9v0'0 ¢'¢F9cl g'¢Feel ¢'¢t8¢el /6w ‘uiqojbouiay
sBuiputy Aiojeloge]
100°0> 791°0 6'€¢+6'96 G'€¢+E86 L'€CFL'L6 1240 €9¢+8°/8 1'G¢F€'68 9'Ge+/2'88 wdq ‘oyes pesy
G820 100°0> 8'LLF0LL €61LF6'18 8'8L+.'6. 100°0> V' L1F89. 78LFL18 ¢'8LF6'6L BH wuw ‘4g oloiselq
G600 100°0> ¥'8¢Fv el 9'6¢F6°0¢) 26CFr8et 2000 8'8¢F1'9CL 0'8¢Fgcel G'8ZFv 0t BH ww ‘dg d1joishs
(uoissiwpe e) wexa [eaishyd
605 0°6¥ 661 66y 0z gey N
G9g gog gog 08¢ L2y 0Ly [
9¢l Syl 9€lL L9l €Gl 9GlL I
1000 244\ 6¢°0 % ‘SSB|9 [BuonauN) YHAN
68¢'0 1820 [ Gl L0 6.0 60 (A L'l % ‘140
0100 9650 6¢ €e gl 6L0°0 Ly 61 0¢ % ‘0l
6690 6000 L'61 6'€c L'1e 8200 LLL G'ee L'Le % ‘Bunows jusung
6900 2e00 Lot 8/ 1'6 9010 6'8 6'G 02 % ‘foueubifey
8820 7200 09t AN Lyl L120 g9l rel gyl % ‘9SEASIP IBNISEA0IQaIB)
8680 100°0> L'EL 08 oL 8¢0°0 9€lL 8'8 90} % ‘ad09
1000 9/€0 9¢e 0'ke 8'Le 100°0> 8'Ge €'¢¢ v'/le % ‘UORe||1Iql [BUY
166°0 100°0> 0cH 19 88 2000 el €9 L8 % ‘9seasip Leay Jejnafep
£00°0 G000 1°0¢€ G'G¢ 9.2 8/€°0 Gve Gg'le L¢E % ‘9SeasIp Heay dlways|
a4 4] 8000 89y 0Ly 9ey 6900 208 L'ey L9y % ‘W gL L/uww 09> Y49
1000 G200 LG gy €8¢ ¢/90 6¢e ¥'ee 0°ee % ‘SnH[law salaqelq
6250 9220 L'Eg 86§ gys 860 LGS 6'G9 8'GG % ‘Uoisuspadiy
fiojs1y [eaipaw 1sed
§6¥'0 100°0> 8'¢FLae 6'€FS€C 6'€FL'EC €000 ¢'€+8¢e L'€FG€C G'eFeee ,W/Bx “xapul ssew Apog
eLLro 100°0> €ay 8.9 L'es 100°0> ¢'6¢ 9vs 88y % ‘0nou aQ
8820 2860 1’09 209 665 2810 9¢€9 065 L09 % ‘UsIN
2000 100°0> L'G1F6'99 0GLFEY9 L'GLFG6'G9 6000 6'€LF889 8'eLFE99 8€LFEe /9 £ ‘aby
100°0> 100°0> 9'LIF968 8'01FLC8 SLLFLY8 8100 86TV 19 (AR A ¥'6F0°29 wdq ‘syel pesy abIeyosiq
+ANeA d 1ONeA d (%8°gt) 9g6=u (%2'%9) 801 L=u (%6°04) v¥0z=u «on[ep d (%9°£€) 91e=u (%¥°29) vzg=u (%1°62) 0¥8=u
ON J2>00ig-¢ SO\ 49300]g-¢ v ON 12>00]g-¢J SO\ 49390]g-J v
ajey MeaH Y3y 818y HESH MOIS

uoneindod Apnig 8yl Jo sonsLIloRIBYY Buljesey ‘| d|qel

4

Journal of the American Heart Association

DOI: 10.1161/JAHA.118.011121



Park et al

p-Blockers With HFrEF and Slow Heart Rate

ORIGINAL RESEARCH

“Heay YS1y s o3es 1ieay Mo| 1o anjen d;

"a1ed Heay ysiy yum sjuaied Suowe ou sA sak 1ax00|g-g o} anjen o,
*91ed 1eay mo| Yyim sjusijed Suowe ou SA sak 19x00|q-g 104 aN|eA o,
‘welsAs ulsusjoldue—ulual ‘Y ‘U0I1RID0SSY JeaH MJIOA MAN ‘VHAN ‘@piidad onainuieu adAi-g-oid |euiwial-N ‘dNgosd-1N IsiuoSejue 103dada. plod13020[RIBUIL “YY|A ‘UOIIORI) UOIRDS(S JeindLIUSA JY3| ‘4IAT ‘ole||uqyap
-1apanolp.Ied a|qejueldwi ‘| ‘o1ed uoljedyly JejniswolS Y49 ‘Adeayl uoreziuosyduksal oelpIed ‘| YD ‘Dseasip Aieuow|nd SAI3ONIISO DIUOIYD ‘40D ‘usSouliu eain poojq ‘NNg ‘ednssaud poolq ‘dg ‘epndad oneinuieu adAl-g seeolpul dNg

G/9°0 ¢ve0 G'6¢ 1'0€ 8'6¢ 068°0 €1e €1e €1e % ‘uixobig
€80 €610 0 20 10 8610 €0 0 10 % ‘duIpeigen|
€Lo0 100°0> GOy 199 LS 1000 v'6y €19 899 E
100°0> ¢'qS ¥'29 % ‘18%00]g-d
L00°0> 1L00°0> 169 118 8¢l 100°0> L'yl 088 128 % ‘Jonaiyul Svy
abueyasip 1e suoneoipa|y
1L00°0> 0€L'0 8'/F9'9¢ 9LFL9C L'LFL92 180°0 TLTYr8e ¥'LFGLeC €LF6'L2 % ‘43N
sigjawesed oydesboipreaoyo]
1000 Ger'0 Ly+v'e L'yFe¢ L'y FE€¢ 700 6'€FL¢C 6'¢F9L eeFLL /6w ‘uisioid 8Ano8I-)
GoY'0 2ee0 9'0F¢0 LLFE0 ¥80F120 9Ly'0 €0FL0 6'0F2¢0 69°0F9L°0 Jwy/Bu ‘] uuodoi]
LLL°0 8¢L0 ¢eLFYe 8'0LFC¢ 6’ LLFCe 1€8°0 8'0LFEC 8'¢e+L¢ 6'9¢+S5¢ wy/Bu ‘| uuodos)
8.€0 G000 €v8 0LFGSY LI 6€¢ 01F1896 809 0LF¥0S 0L 9660 881 21T6866 0lg ¥1+1266 0.y €1F6166 Jw/Bd ‘dNgoid-1IN
0LL'O ¥€0°0 99€1+8¢E.LL 1921 FGESH vLELFY2IL G20 9651 F6091 YayLFL0vL L0SLF6.LYL Jwy/Bd ‘dNg
809°0 6¥9°0 GLFGL VIFSL Yy LF0G L 010 91F9L LTl oy L9 L Tp/Bw ‘sujupesi)
810 100°0> ¢9ILF8Le 0'GL+¢Ge 9'GLF¥9¢ 1200 €8LFELe V'SLFS e 9'91+5G¢ /6w ‘Nng
AN[eA J 1BNfeA d (%8°G¥) 9g6=u (%z'vS) 8oLL=u (%6°02) ¥v0zZ=u «3N[eA d (%9°2€) 91€=u (%v°29) veg=u (%1°62) 0v8=u
ON 1230018~ S9A 4932018~ % ON J2x00ig-g S9A 4930018 17
a1ey MeaH Uiy a1y HeaH mojg

panupuoy ‘| 9jqel

5

Journal of the American Heart Association

DOI: 10.1161/JAHA.118.011121



p-Blockers With HFrEF and Slow Heart Rate Park et al

A BB use & slow heart rate B Change in heart rate
WBB " HR<70 bpm BB yes, low HR =—e=BB yes, high HR
100 ~—e—BB no, low HR ==#=BB no, high HR
100
g 90
" 80 - 90
t 70 - 63.8 64.4 65.9 66.5 . —_—
= 57.3 £ r\-"’—-———_,.___-
® 60 | ° g 80
a £
%5 50 - @ 70
5 40 .. . " s
£ 30 : s R 5 60
2 1]
o 20 T
o 50
10
0 40
discharge 1 mo 3mo 6 mo 12 mo discharge 1 mo 3 mo 6 mo 12 mo

Figure 2. BB prescription rate and change in heart rate. A, BB prescription rate and proportion of patients
with slow heart rate. B, Among patients with high heart rate, patients with BBs had lower heart rate than
those without BBs (at discharge 82.74+-10.8 vs 85.6+£11.6 bpm, P<0.001; at 1 month: 82.8£16.7 vs
87.94+15.8 bpm, P<0.001; at 3 months: 78.04+15.5 vs 83.9+£14.9 bpm, P<0.001; at 6 months:
75.6£13.9 vs 83.5+£15.2 bpm, P<0.001; at 12 months: 79.0£14.4 vs 82.4£16.6 bpm, P=0.002).
Among patients with slow heart rate, the heart rate did not differ after 3 months from discharge (at
discharge: 62.3+5.2 vs 61.4+£5.8 bpm P=0.015; at 1 month: 71.5£14.6 vs 74.5+16.6 bpm, P=0.036; at
3 months: 72.8+£14.9 vs 73.04+16.9 bpm, P=0.649; at 12 months: 73.8£14.1 vs 73.54+15.4 bpm,
P=0.806). BB indicates B-blocker; bpm, beats per minute; HR, heart rate.

(P=0.239). Nonetheless, patients without a B-blocker and with associated with improved 1-year all-cause mortality in all
high heart rate had the worst outcomes (Figure 4B). After patients with atrial fibrillation; however, under stratification by
adjustment for significant covariates, [B-blocker was not heart rate, B-blocker was associated with 37% reduced risk for
A All-cause mortality B Hospitalization for HF
100%— Log-Rank P<0.001 100% Log-Rank P<0.001
90%— 90%
5 = ] X
2 2
£ c
& 80% @ 8%
@ @
= >
g b
E 70% 2 7o%-
E E
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[} P-values vs. (%) P-values vs.
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~——— BB yes, slow heart rate ~—— BB yes, slow heart rate
=== BB yes, high heart rate  0.307 == BB yes, high heart rate 0069
= BBno, slow heartrate 0.144 0.450 " BBno, slow heartrate <0.001 0.002
50%— === BBno, highheartrate <0001  <0.001 0.001 50%— == BB no, highheartrate <0.001  <0.001 0.902
T T T T T T T T T T T T T T
0 60 120 180 240 300 360 0 60 120 180 240 300 360
No at risk Days No at risk Days
BB yes, slow heart rate 524 501 487 479 470 458 452 BB yes, slow heart rate 524 446 414 395 375 351 335
BB yes, high heart rate 1108 1048 1015 991 970 953 935 BB yes, high heart rate 1108 913 825 786 743 707 677
BB no, slow heart rate 316 300 285 279 n 265 261 BB no, slow heart rate 316 254 220 197 182 169 161
BB no, high heart rate 436 837 787 753 724 701 688 BB no, high heart rate 936 680 600 547 516 487 480

Figure 3. One-year all-cause death and hospitalization for HF according to heart rate and BB prescription at discharge. A, Only
patients with high heart rate and no BB prescription at discharge had higher 1-year all-cause mortality, whereas there was no
significant difference among the other groups. B, Patients without BB prescription had higher 1-year hospitalization for HF
regardless of heart rate, whereas those with BB prescription and slow heart rate had the lowest hospitalization. BB indicates -
blocker; HF, heart failure.
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Table 2. Cox Proportional Hazards Regression Analysis for 1-Year Mortality Stratified According to Heart Rate

Heart Rate <70 bpm (n=840) Heart Rate >70 bpm (n=2044)
P Value HR 95% Cl P Value HR 95% Cl

Age 0.002 1.03 1.01-1.05 <0.001 1.03 1.03-1.05
Body mass index 0.087 0.95 0.89-1.01 <0.001 0.93 0.90-0.96
De novo heart failure 0.101 0.68 0.43-1.08 0.546 0.93 0.73-1.18
Hypertension 0.577 1.13 0.73-1.75 0.504 1.08 0.86-1.37
Diabetes mellitus 0.800 1.06 0.69-1.63 0.099 1.21 0.97-1.52
Ischemic heart disease 0.849 0.96 0.62—1.47 0.391 1.11 0.88-1.40
Valvular heart disease 0.128 1.60 0.87-2.95 0.448 0.87 0.60-1.25
Atrial fibrillation 0.979 0.99 0.64-1.55 0.661 0.94 0.72-1.23
COPD 0.778 1.09 0.60-1.98 0.008 1.48 1.12-1.96
Cerebrovascular disease 0.041 1.66 1.02-2.70 0.362 1.13 0.87-1.48
GFR <60 mL/min/1.72 m? 0.851 0.96 0.62-1.49 0.009 1.37 1.08-1.74
Malignancy 0.002 2.44 1.39-4.27 0.126 1.29 0.93-1.77
Current smoking 0.711 1.11 0.64-1.94 0.803 1.04 0.78-1.38
ICD 0.702 0.81 0.27-2.39 0.080 1.7 0.94-3.12
CRT 0.092 2.88 0.84-9.87 0.810 0.88 0.32-2.42
NYHA TV 0.678 113 0.64-1.98 0.013 1.59 1.10-2.30
Systolic blood pressure 0.258 1.00 0.99-1.00 0.010 0.96 0.99-1.00
Hemoglobin 0.001 0.84 0.77-0.93 0.028 0.94 0.89-0.99
Serum sodium 0.002 0.94 0.91-0.98 <0.001 0.95 0.93-0.97
Serum potassium 0.791 0.96 0.72-1.29 0.659 1.03 0.90-1.19
C-reactive protein 0.311 1.02 0.98-1.07 0.485 1.01 0.99-1.03
RAS inhibitor at discharge 0.567 0.87 0.54-1.40 0.001 0.68 0.55-0.86
MRA at discharge 0.784 0.94 0.63-1.42 0.706 0.96 0.78-1.19
B-blocker at discharge 0.909 1.02 0.68-1.55 0.014 0.76 0.61-0.95

COPD indicates chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; GFR, glomerular filtration rate; HR, hazard ratio; ICD, implantable cardioverter-defibrillator;
MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; RAS, renin—angiotensin system.

mortality (HR: 0.63; 95% Cl, 0.40-0.97; P=0.037) in patients
with high heart rate but not in those with slow heart rate.

B-Blocker Dose

The median in percentage target dose of f-blockers was 21%.
Under stratification according to B-blocker dose, there was no
difference in all-cause mortality between patients with
B-blocker doses greater or less than the median (Figure 5).

Discussion

In this study we examined the effect of B-blockers according
to the discharge heart rate in a large cohort of patients with
HFrEF. We demonstrated that patients with slow heart rate
had favorable outcomes regardless of B-blocker use and that

the use of P-blocker at discharge was associated with
improved 1-year mortality only among patients with high
heart rate.

B-Blockers, Heart Rate, and Outcomes

Overall, more patients with slow heart rate received
B-blockers, which reflects the negative chronotropic effect
of PB-blockers. Nevertheless, among patients without a
B-blocker prescription at discharge, 25% had slow heart rate;
these patients may have low intrinsic heart rate, relatively low
sympathetic tone, or increased sympathetic tone with sinoa-
trial node dysfunction.’® It is reported that heart failure
patients typically have vagal attenuation and elevated sym-
pathetic tone,'" as well as significantly impaired sinus node
function with structural alterations.'?
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Table 3. Baseline Characteristics of Patients With Atrial Table 3. Continued
Fibrillation
B-Blocker Yes B-Blocker No P
B-Blocker Yes | p-Blocker No P (n=477, 57.7%) | (n=349, 42.3%) Value
(n=477,87.7%) | (n=349, 42.3%) Value Echocardiographic parameters
Age, y 67.5+129 | 68.5+12.8 0.123 LVEF, % 27.2477 27.3+7.7 0.840
Men, % 63.7 62.8 0.773 Medications at discharge
De novo, % 51.2 32.7 <0.001 RAS inhibitor, % 80.7 64.2 <0.001
Body mass index, kg/m? | 23.7+3.8 23.04+3.6 0.011 MRA, % 57.0 47.0 0.004
Past medical history Digoxin, % 58.5 51.6 0.019
Hypertension, % 56.6 51.0 0.110
N N BNP indicates B-type natriuretic peptide; BP, blood pressure; BUN, blood urea nitrogen;
Diabetes mellitus, % 29.8 278 0.536 COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy;
GFR <60 mL/ 421 48.0 0.095 GFR, glomerular filtration rate; ICD, implantable cardioverter-defibrillator; LVEF, left
min/1.72 m2 % ventficular ejection fract.ion; .MRA, r'nineralocorticoid receptor antagon.ist.; NT—proBNP,'N—
) terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; RAS, renin—
Ischemic heart 26.8 31.1 0.222 angiotensin system.
disease, %
Vzli\;lélzsrerjizn 86 206 <0.001 By blocking the adrenergic receptors in cardiomyocytes, B-
COPD, % 9.4 138 0.058 blocker§ exgrt ne.gatlve chrono- and Inotroplc,. a.nt|arr.hythm|c,
and antiproliferative effects, among others. Clinical trials of -
Czir:;rlts)\éasogular 18 17:5 0838 blockers in patients with HFrEF showed a correlation between
— ’ heart rate reduction and improved outcomes.>'>'* Nonethe-
Malignancy, % 8 89 0.561 less, those studies could not separate the negative chrono-
Current smoking, % | 23.1 135 0.001 tropic effect from the other potentially beneficial effects of
ICD, % 1.5 2.6 0.252 the P-blockers. Notably, ivabradine, which blocks the I
CRT, % 1.0 0.9 0.785 channel in the sinus node and reduces heart rate without
NYHA functional 0.529 the properties of a B-blocker, has been shown to improve
class, % clinical outcomes, indicating that heart rate reduction per se
Il 12.2 13.5 improves outcomes.® Heart rate reduction lowers energy
m 434 395 expenditure,'® increases coronary perfusion,’® and unloads
v 444 470 ventricular loading via alteration of vascular elastance.'” Thus,
- — heart rate is not only a marker but also a mediator in patients
Physical exam (at admission) . .
with heart failure.
Systolic BP, mm Hg | 127.34256 | 124.3+26.9 0.109 The interaction between heart rate and B-blocker treat-
Diastolic BP, mm Hg | 82.1+18.4 | 78.4+17.9 0.004 ment effect has been controversial. Schleman et al reported
Heart rate, bpm 99.34+29.1 98.2430.2 0.601 that the efficacy of B-blockers was greatest in patients with
Laboratory findings faster heart rates,'® whereas others rejected any associa-
Hemoglobin, mg/dL | 13.5+2.1 130422 0.001 tion.>' Cullington et al showed that the achieved heart
Serum sodium, 138.0.04.2 136.8.05.4 ~0.001 rate was the main determinant of outcomes.' In a recent
mmol/L meta-analysis, B-blockers could reduce mortality in patients
Serum potassium, 44406 45406 0.006 with 2I;IFrEF in sinus rhythm regardless of pretreatment heart
mmol/L rate.”” High heart rate might reflect increased neurohumoral
BUN, mg/dL 95.34+15.1 2914171 0.001 activity in favor of increased sympathetic tone. Conse-
Creatinine, mg/dL 13210 15412 0.124 quently, th.e effect of B—blo.ckers may be more profoun.d in
those patients because it counteracts the deleterious
BP, pg/ml 125261053 | 13981344 0.261 effects of tachycardia in a failing heart. We showed that
NT-proBNP, pg/mL. | 9031+9322 | 10 633+11 946 | 0.116 the effect of P-blockers depends on the heart rate
Troponin |, ng/mL 0.7+5.4 1.2+£5.9 0.323 (Figure 6).
Troponin T, ng/mL 0.1+0.6 0.1+0.3 0.814 We did not specifically investigate the pathophysiologic
C-reactive protein, 1.8+3.1 29437 0.115 mechanism for the ineffectiveness of B-blockers in patients
mg/L with slow heart. A possible explanation is that because the

magnitude of heart rate reduction by B-blockers depends on
Continued

DOI: 10.1161/JAHA.118.011121 Journal of the American Heart Association 8

HDOYVIASHY TVYNIDIYO



p-Blockers With HFrEF and Slow Heart Rate Park et al
A Sinus rhythm B Atrial fibrillation
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BB no, slow heart rate 190 181 175 17 166 162 159 BB no, slow heart rate 126 119 110 107 104 102 101
BB no, high heart rate 713 638 599 571 549 532 524 BB no, high heart rate 223 199 188 182 174 168 162

Figure 4. One-year all-cause deaths in patients with sinus rhythm and atrial fibrillation. A, Sinus rhythm. B, In the subgroup of patients with
atrial fibrillation, patients taking a BB at discharge had better outcomes regardless of heart rate, whereas those without a BB and with high heart

rate had the worst outcomes. BB indicates B-blocker; HR, heart rate.

the baseline heart rate and patients with low heart rate
experience smaller reduction in heart rate, the effect of the -
blocker may be reduced. This explanation is consistent with
the finding that there was no difference in heart rate between

patients with or without B-blockers among those with slow
heart rate at discharge. Slow heart rate might reflect low
sympathetic tone. Consequently, the effect of B-blockers may
be less prominent in patients with slow heart rate.
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< Madion 4 —— < median 0.282 < median 0.079
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T T T T T T T T T T T T T T T T T T T T T
0 60 120 180 240 300 360 0 60 120 180 240 300 360 0 60 120 180 240 300 360
No at risk Days No at risk Days No at risk Days
>median 706 671 657 638 625 613 607 >median 246 233 227 21 219 211 208 >median 460 440 430 416 406 403 308
Smedian 919 871 B840 827 810 791 775 Smedian 278 268 261 257 252 247 243 Smedian 641 602 579 568 558 543 532
BB no 1252 1138 1071 1033 995 967 949 BB no 318 300 285 278 n 266 261 BB no 938 838 786 753 724 701 688

Figure 5. One-year all-cause deaths according to BB dosage. In all patients and patients with high heart rate, patients without BB prescription
at discharge had higher 1-year all-cause mortality than those with BB prescription; however, there was no difference in mortality between
patients with BB dose above and below the median. Among patients with slow heart rate, 1-year mortality did not differ between those with
doses above and below the median and those without a BB. BB indicates B-blocker; bpm, beats per minute; HR, heart rate.
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A Heart rate and mortality B BB effect according to heart rate
With beta-blockers Without beta-blockers

40
g g
£ £
© [}
8 304 3 304 104
s k] 2
> >
£, £20 To
5 5
[ [ E
E-] -]
3 210
& 101 o *°l

40 60 80 100 120 40 60 80 100 120
o5
2 2 W s o % ook ® & H %
[ [}
c -
[ @
o 0 o o0
40 60 80 100 120 40 60 80 120
Heart Rate Heart Rate

Figure 6. Heart rate and outcomes. A, The risk of mortality increased as the heart rate elevated in patients both with and without BBs. B,
Effect size of BBs on outcomes according to heart rate. The effect of BBs appeared to decrease as the heart rate declined. The solid line
represents the estimated probability of 1-year all-cause mortality, the shaded area is 95% CI. Below is a density plot showing the distribution of

observed heart rate. BB indicates -blocker.

Atrial Fibrillation

The prognostic value of heart rate and the beneficial effect of
B-blockers in patients with heart failure and atrial fibrillation
remain controversial. In patients with atrial fibrillation, slow
heart rate may indicate a significant dysfunction in the
conducting system, whereas high heart rate may represent
compensatory response to the loss of atrial contraction. In
some studies, high heart rate was associated with worse
outcomes,“’22 whereas in the post hoc analysis of the
CHARM (Candesartan in Heart Failure-Assessment of Reduc-
tion in Mortality and Morbidity) study,”® heart rate did not
have any prognostic value. Similarly, the effect of B-blockers
was also inconsistent. In CIBIS-Il (The Cardiac Insufficiency
Bisoprolol Study Il), the morbidity and mortality rates were
similar between the bisoprolol and placebo groups.?* In a
meta-analysis, Kotecha et al?® and Rienstra et al*® showed
that B-blockers did not lead to a reduction in death of patients
with heart failure and atrial fibrillation. In contrast, Simpson
et al?” showed improved survival with B-blocker treatment
despite the absence of heart rate reduction.

In this study, the B-blocker prescription at discharge was
not associated with a reduction in heart rate but was
associated with better outcomes in patients with atrial
fibrillation regardless of heart rate. Differences in the study
populations might explain the varying results.

Clinical Implications

In patients with HFrEF, B-blockers should be initiated as soon
as possible, at best during hospitalization for acute heart

failure.?® Concerns about worsening heart failure, bradycardia,
and hypotension are psychological barriers to the prescribing of
B-blockers, especially in patients with slow heart rate. Regard-
ing 1-year mortality, our study showed that patients with slow
heart rate seem to do equally well with or without a [-blocker
prescription, indicating that not all patients benefit equally from
B blockade.

Nonetheless, B-blockers had a beneficial effect on 1-year
mortality of patients with high heart rate and a favorable
effect on hospitalization for heart failure regardless of heart
rate. These results suggest that patients should receive a -
blocker regardless of their heart rate, unless contraindicated,
which is also in line with current practice guidelines.

Limitations

Because of the nature of the study design, albeit a large
prospective cohort study, we were unable to exclude
confounding factors that may have influenced the variable
effect of the B-blockers according to patients’ heart rates. The
results remain to be proven in a randomized clinical trial of
patients with low heart rate treated by B-blockers or placebo.
The proportion of B-blocker usage and the prescribed doses
were lower in this study compared with other clinical trials.
Although these details may accurately reflect actual clinical
practice in Asia, the study results cannot be extrapolated to
other patients who receive higher dose of B-blockers. Finally,
it is unknown whether the same cutoff value for low heart rate
can be applied for both atrial fibrillation and sinus rhythm.
This cutoff should be tested in a larger cohort with atrial
fibrillation patients.
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Conclusions

In hospitalized patients with HFrEF, many patients have a slow
heart rate at discharge and favorable 1-year mortality
regardless of B-blocker prescription at discharge. -Blockers
may have limited effect with HFrEF and slow heart rate at
discharge. This study result is hypothesis generating, and
whether B-blockers may be deferred in hospitalized patients
with HFrEF and slow heart rate at discharge must be
confirmed in further clinical trials.
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